A major purpose of the
Technical Information Center is to
provide the broadest dissemination
possible of information contained in
DOE’s Research and Development
Reports to business, industry, the
~academic community, and federal,
state and local governments.

Although portions of this report
are not reproducible, it is being
made available in microfiche to
facilitate the availability of those
parts of the document which are

legible.



‘LA-UR -87-3420 CONF - ST7100T7-- A

Los Alamos National Laboratory i§ operaled by the University of Cahfornia for the United States Depariment ol Energy under contract W-7405-ENG-6

LA-UR--87-3429
DEA8 001832

TITLE SUBSYSTEM SOFTWARE FOR TSTA

AUTHOR(S) Lawry W. Mann, CTR-10
Garnett W. Claborn, CTR-10
Clair W. Nielson, CTR-10

SUBMITTED TO IEEE 12th Symposium on Fusion Engineering

DISCLAIMER

This repor, was prepared o an account ol waork sponsored by an agency of the United States
Government  Neither the United States Government nor any agency thercol, nor any of thar
cemplovees, mukes any warranty, express on imphed, or assumes any legal liahility or responsi-
Mlity tor the acuracy, completencss, or u clulness of any intormaton, apparatus, prsduct, or
process disclonesd, or repeesents that ats use woulid not infnnge privately owned rights Refer-
ence herem tooany speaitie commerctal product, process, or service by trude nume, (rademack.,
manutacturer, o otherwise does not necessartly constitute o imply 1ty endorsement, recom-
membation, or favoring by the Linted States Government or any agency theteol The views
and oprmions of authors expressed herein do not necessarily wtale or reflect those of the
Umited States Government of any agency thereut

By aco nptance ol s wicle the pubhsher racognizes that the U S Government ratsina & noneaciusive. royatly.Ires icense to publish ot reproduce
the publishad form al this cantabation or o Allow others 10 do 8o, for U8 Uavernment purposen

The { o8 Alamas National tabo: atory ceguesia that the pubit shar adentity thin article a8 work parformad under the auspcan of 1he U 5 Daparimant of | nergy

i MASTER
LOS AIERNOS Loshiamos NationalLaboratory

PUIM NG RI8 N ISTRUNION o ., e,

N I ) Yl


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


SURSYSTEM SOFTVARE FOR TSTA

Lavry ¥. Mann, Garnett V. Clahnrn, and Clal:i V. Nlelson
Los Alamos National Laboratory
Los Alamos, NM 87545

Abstract: The softvare at the Tritium Systems
Test Assembly (TSTA) is logically broken {into tvo
parts, the system support softvare and the subsystem
softvare. The subsystem softvare controls the vaiious
physical subsystems at TSTA. Each physical subsystem
is controlled by a single program. The progiam
conalns a concurrently running task for each device
or group of similiar devices within a physical
subsyst.n. The program i{nteracts wvith the physical
hardvare thiough software library calls such as
"OPEN", "CLOSE," and “SENSE." These library calls ate
provided by the system support softvare, The varijous
tasks of a subsystem program communicate with the
"main” task snd the outside woild through vatlous
global modes and status variables. Py communicating
in thie highly structured vay the possiblity for error
is reduced. The logic of subsystem softvare is
specified by a version of the Nassi-Schneiderman
structured flovchart method and machine translated to
executable code.

The Subsystem Contrnl Software at the Tritium
System Test As<embly (TSTA) must contiol sophisticated
chemical processes throigh the physical operation of
valves, motor controliers, gas sampling devices,
thermocouples, pressure transducers, and similay
deviree. Such control softvare has to be capahle of
passing stiingent quality assuiance (0A) crlteria to
provide for the safe handling of significant amounts
of tritlum on a routine basis. Since many of the
chemical processes and physical components are
experimental, the control softvaie has to be f{lexihle
enough to allov for trial/ertor leaining curve, but
still protect the environment and peiresonnel firom
exposute to unsafe levels of radiation. The =<oftvare
at TSTA Is implemented in xeveial levels as deac:ibed
In a preceding paper in these pioceedings. This paper
depends on information given in the prerrding paprr
for understanding. The top level |=x the Subsystem
Control level.

Level Overviev

The xtiategy In implementing the TSTA softvaie in
levela s ta provide {anlation hetuean the funrtinnal
patte of the =oftvare, The f=nlation allove ftm
testing and modificatinn of the vaifous leveles wvithout
undue Impact on the onther Jevrle,  Varjous levels
comminirate  only throueh  cleanly Al rigorously
delined Interfaces, Fach  level peyforme eppcific
tasks on apeciflc inputs and cutputa. (See aiagiam at
end of papetr.)

The loveet Jevel Ix the hatdvaie level. The
function of the hardvare level ix to gather data from
CAMAC modules and to comwand the CAMAC endulea o
vatfone states. The data {x collected by Front End
Control letx and placed on an Etheinet link for :eading
by the next level. The next lsvel, the Data
Communirationy level r1eads data fron the Etheinet Link
and conetiucta A database of rav (17 hit) CAMAC date
It accepts CAMAC execute commands from the next level
an diteactives tn pans 1o the hairduvare. The Data
Comminiratione level also doee data archiving by
atoring A anapshot of the 1av datalane onte the dlxy
once A minute, The data ix later rompiesand for long
term atorage.  lLogleal variahlea vhich provide aystem
status information are suppoited by thie level., Tha
Data converajon level provides {nteifares bhotvesn the
Data Communleation level and the Opeoavor Inteofnoe
and Subaystem Control levele, At 1hin leve) data (=

converted to and from engineeting units and the 1av
database values. This level alseo provides limit
checking and range information to the higher levels.
The Operator Interface leve! provides the human
operator with a wvindov into the contiol svstem.
Through this wvindov the cperator can both 1ead the
database values and set system parameters. The level
also provides the Subsystem Contiol l-vel with an
interface for 1informing the operator of varlous
subsystem information and for retrieving from the

operator ansvers to specific subsystem softvare
questions. The final level {5 the Subsystem Contiol
level. The purpose of this paper is to describe the

Subsystem Control level In some detall.

The Subsystem Control Level

The function of the toftvare at this level {c to
control a specific subsystem of the TSTA fuel cycle.
The main fuel cycle consists of several Intetconnected
subsystems such as the FCU (Fuel Clean Up), the TWT
(Tritium Vaste Treatment), the TH (Tritium
Honitorinp), the ISS (Isotope Separatinn Subeyetrem)
and others. The Subsystem Contiol level is oiganized
along the lines of the physical hardvate. This is
advantageous hecause in genera!l therte i=s  one
non -softvare person (i.e. a physicist o1 chemjral
engineer) responsible for each physical subsystem. By
restricting a program to dealing with one phy=sleal
subsystem the softvare designer and subsystem dr<igner
interactions are simlified. Fuither, the physical
subsystems interact vith each other at veiy clearly
defined boundaries; these boundniles became natural
places to subdivide the softwvaie. Each physical
subsystem |Is further subdlvided {nto “"compnnente".
For example the TVWT containx as components the lLowv
Pressure Receiver, the Comprescors, the High Mescute
Receiver, the Moisture Collectora and the Radiation
monitors. The softvare that controla the TVUT mirtors
the physical decomposition Inte components, The
operating system on the piocess computers allovs
rultitacking wvith a  single proress, (n moe
restricted operating systems each task could hecome an
aytonomous procesc,) The softvaie in  each tnsk
contrcls one component of the subsy<tem. These tasks
ate ginuped together to form a subeystem pincess, the
ptogram that s 1responsible for contiolling an
individual subaystenm.

The communication betveen pincesses s highly
restricted. The communication {s done through lngiernl
majlboxes. VWhen a process needs informatinn abour the
atatuy of another subsystem, it (inds that infrimation
by reading one of the various =tatua mallboxns
belonging to that subsyetem. These mallhovee are kept
in the mematy of the pincsss computer and updated in
the memoty of the atandhy computer every 10 emionl=,
The maillbox contents are also viltten to the separate
diekae tor atchiving once a minume. Theiefore 1he
noftva:e of one subsyetem dorn not directly interact
with the softvare of another xubsystem,

An an example, in the TWT proceas the process pa=
that Ie 1eceived may contaln so much 1ecfdoal tiftioum
that the TVT cannnt adeguately cleaaup up the process
Ntream {n rae pawa,. Hather than rlease tiltlum to

the =tack, the TVT gees into tecyele mode, Rt dn
terycle mode the TUT would prefer not to recelve any
more gas to process, The gloveboves vhich are undey
cont;al of the TH progiam ate nitragen purging te the

TVT, Nowv  that the TVW] la An 1ecyrle the pirplng



should be stopped. There is a contiol for each
glovebox, wvhich {f set, wvould inhibit the purging of
the glovebox. Nov the question is wvho should be
responsible for the setting of this control? In a
system where the Interactions aie not 1estricted the
TYT might set the control. In such a system the
number of programs that can access and control a
single control point 1is variable. This makes testing
the control algorithms difficu)! hecause of the (aften
unanticipated) interaction among subsystems. At TSTA
the interactlion i3 sufflicliently 1estricted so that
only one process can exeircise control over any given
control point. So wvhen the TWT goes |nto recycle, |t
sets a status mailbox to that elfeci. The TM program
monitors that majlbox and sets the glovehox to inhibit
the purge. In this wvay the TH program can be tested
vithout the presence of the TVYT program. .

During subsystem softvare testing the mailboxes
can be set at the Operator Interface level to simulate
the conditions that need to be testel. Another
benefit of the process independence is the possibility
of placing separate processes on separate computers in
a multi or distributed processing environment. In a
similar manner the interaction betveen subsystem tasks
Is restricted This i< of great importance when
testing. Just as a subsystem process could be tested
independent of other processes, individual tasks can
be tested independent of other tasks. So testing
occuryr on a physical component hasis. For each task
(physical component) a softvare test plan is generated
vithin the Quality As=urance (QA) program. Vhen the
test is executed the resultx are recorded in the
appropiiate QA file. After a subsystem has been QA
tested, any changes made (o the softvare must go
through the QA department.

The subsystem soltvare is vritten in structured
flov chart specifications bated on Nassi-Schneideiman
(N-S) charts. These specifications generate graphical
representations of the coutiol algoiithme that can be
read by the subsyatem designers vho ate not trained in
any programming language. The actual input of the
algorithms s done in a specialized language vhich
fenerates both the structied flowv ckart and
compilable code, By this r-ans, no manual checking of
the algorithm {s necessary axcept in the foimat of the
flov chart ftself., 1In the present implementatjon, the
code generation i through tvo =steps, first to RATFOR,
and then through the RATFOR prepiocessor to compllable
FORTRAN. This one.-format repiesentation of the
algorithms ix a major [lactot in  the ease of
maintaining and verifyliug softvare at TSTA.

The stinctured flov chatt i< constiurted hy the
use of unique graphical 1epissentations ftot the
standard  progiamming  constructs, Algotithms are
specilled thiough thres guch constiucts, (1) the
simple =tep, nsuch as "SET TVWT (D _HSAL OFEN", which
means “open the path to the flist molecular xleve
bed". (2) the multivay branch, and (}) the {terative
lonp. By 1estricting the algorithm specification tn
thiee constiucta, It is easier to Jeatn to 1ead and
undetstand the algorithm specification:, The same
text that generatey the actuanl graphicenl
teprecentation je used to generate (under  progiam
contiol) the cnde used for the aubaystem progeam. In
addition to the flov chatt speeiflcations, each rask
has an Englieh language deccypiption of the function of
the tark.

The ximpiext N S chait to deaciihe n subeyatem
process wvould bhe

Subey<tem Fiocesa N § Chart

| eontinl subsyntem |

In the refining process It 1is nnted that the
subsystem |s composed of various parts, for instanre a
compressor, n flilter and a molecular sieve bed. So
the chart then becomes

Subsystem Process N-S Chart
| control filter
| control mole sieve bed
!

control compressor

Nov the filter, molecular cieve bed and
cnmpresser ate not controlled just once, but on a
cyclic basis.

Subsystem Process N-S Chait

I
|
| | control filter |
| | control mole sieve bed |
] | control compressor |

This gives an example of an iterative lenp.
Adding more detall to the compiessor control results
in.

Subsystem Process N S Chart

| While SUB%YSTEH HODE - RUN

control fillter
control mole sieve
WHAT IS compiessor shell tempetatuie ?
> 1000 { > 500 |
Y -
turn compressor off | wvarn operator |
VAN Operator | !

furthnt compressor conl|nl

Othet

|
I
!
I
[
|
|
|
I
|
!

The nev structure s a multivav branch, 11 the
compressor temperature {9 greate:r than 1000 then {t ix
also greater than 500, The second hranch Ia not taken
because the multivay hi~nch takec the firat true
branch. If the tempera!' e lc greater than SN0 and
less than or equal tc¢ 1000, then the serond branch
vill be taken. The "othar” branch i« alvays tiue and
vill be taken {f the tewperature iy less than or equal
to 500.

At some point In the r1efinement of the syhev-tem
the N S chart vill giov 'no datge to L1l on one page.
At this point a decision vill have to he made ac to
vhere to divide the M S chart, A legical place 1o
divice the M 5§ chart vould he to plac~ the camprerem
conttol on A separate page. Thle ahowe how the N S
chaita  expand thiough magnitication, not by llne
connection. '

Snbsyg(-m Process N S Chatt
Vhllo SUBSYSTEM, HUDF = RUN
control filte;

| control mule wieve hed
| execute "crompreasor contpo!"



Compressor control N-S Chart
| VHAT IS compressor shell temperature ?
| » 1000 | Other

|
| turn compressor off |
| varn operator |

the N-S Charts become the focal point of tae
softvare QA. Changes to the subsystem softvare is
described in terma of N-S charts. All such changes
are passed Dbefore =a reviev board prior to
impiementation.

The Subsystem Control level Iimeracts wvith the
lover levels in a very structured manner. For
example, all TSTA parameters are specified In the
suhsystem contro]l softwvare as symbnlic constan‘s like
"TVT_P_LPR1" (the reading of the pressure In . he TVT
luov pressure receiver). The subsystem interacis vith
the Data Conversion level through "SENSF" and "SET"
commands. The details of hov the {information s
gathered fiom the CAMAC modules s hidden fiom the
Subsystem Control level. Ry hiding the dntails of hov
TSTA variables are read and set, the subsystem control
softvare can he vritten and verlfied more easily.

The Scbsystem Control level interacts with the
human operator through the Operator Interface level.
The operator can be informed of equipment failure
(such as a valve that falled to close), and of
subsystem parameters and status. The operator

interacts vith the subsystem softvare by the setting
of vatious logical mailboxes that the subsystem reads
to determine vhich mode to run in, or what path to
take, or wvhat components should be put ofiline for
maintenance. Because all subsystem paiameters are
kept in mailboxes and the Data Communiratisn level Is
keeping both process computer’s mailhox database
current, computer svitchover Js painless., Fach level
is brought up and the Subsystem Control level is
started last. Vhen started it finds all the peitinent
data in the mailbox database and maintains the same
subsystem state as vas on the other process computer,
The physical components are not perturbated by the
computer svitchover. The svitchover orocess takes
about 2 minutes.

Conclusions

The advantages of implementing the TSTA contrnl
softvare in various levels haz been stated.
Implementing the Subsystem Control level !n such a wny
as to isolate each subsystem process has several
advantages. It provides a much needed modularization
to keep any given program to a manageable slze. Since
physical components can only be controlled from one
subsystem process, access contiol to the phy=ical
devices is readily {fwplemented. Subcystam softvare
debugging and verification of a particular subsystem
can be done independently of other subsvstems. By
keeping the subsystem interaction to a minimal amount,
the amount of t-sting needed 1o veirily correct
s bsystem Integration is reduced. By fuither reducing
a subeystem process softvare intn autrnomous tasks,
the piocess of control algorithm specification and
testing is made easier.
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